Extramedullary plasmacytomas were studied in 29 dogs. The site at which tumors occurred and the age and sex of the dogs were similar to those in previous reports. The skin of the digits, chin, ear, and lip represented the most common (17/29) tumor sites. Males and females were equally represented, and tumors occurred in middle-aged to old dogs (mean age, 9.0 years). A breed predilection was seen in the Cocker Spaniel (n = 7; 24%); Cocker Spaniels represented only 4% (210/4,725) of the submissions during the same period. Tumors were stained with immunohistochemical markers (λ light chain, K light chain) and thioflavine T. Immunoreactivity was limited to either λ or K light chains, consistent with a monoclonal plasma cell population. The majority of tumors expressed λ light chains, consistent with previously reported canine plasma cell dyscrasias. Thioflavine T cytoplasmic fluorescence was seen in the majority (18/29) of plasmacytomas and with inflammatory plasma cells present in control specimens. Other round cell neoplasms (lymphosarcoma, histiocytoma, and mastocytoma) were negative with thioflavine T, indicating that positive staining with thioflavine T was specific for plasma cells (neoplastic and inflammatory). This study confirms by immunohistochemistry that canine extramedullary plasmacytomas disproportionately express λ light chains and establishes thioflavine T staining as a rapid histochemical method for diagnosis of these tumors.
The morphologic, clinical, and biological features of canine extramedullary plasmacytoma (EMP) have been reported 1, 13, 16, 17, 20, 24 Most dogs were aged adults, and tumors developed most commonly on the mucocutaneous junction of the mouth, the skin between the digits, and on the external ear. 1, 24 More than 90% of the dogs with cutaneous EMP were cured by surgical excision, indicating that these tumors were most likely benign. Multiple EMP were found in a small percentage of dogs but were not associated with progression to multiple myeloma. Only rarely did cases of canine EMP precede the development of multiple myeloma, 14, 24 which is different from the clinical course seen in humans.
In humans, long-term survival of 15 years without recurrence occurs in the majority of cases of EMP, 28 but in approximately 25% of the cases, EMP will develop into multiple myeloma. 18 When EMP precedes the development of multiple myeloma, an extended period (up to 10 years) may occur before clinical signs of bone involvement are noted. Secondary extramedullary involvement of the skin with primary multiple myeloma is rare. Immunohistochemical characterization of human EMP with immunoglobulin heavy and light chains reveals a monoclonal proliferation of plas-ma cells that secrete a single immunoglobulin type with both λ and K light chains equally represented. 18, 19 Previous studies of canine EMP have used a variety of immunohistochemical markers for diagnostic purposes and have determined that canine EMPs are of plasma cell origin. 1, 13, 20, 24 The neoplastic nature of the tumors was confirmed by the identification of a monoclonal expression of immunoglobulin light chains. l3 In this study, the tumors predominantly expressed λ light chains.
Thioflavine T is a histochemical marker used to identify amyloid. 21, 27 When thioflavine T binds to specific sites on amyloid fibrils, it fluoresces brightly when excited at 450 and 482 nm. 21 In primary amyloidosis, the major protein component of amyloid fibrils are portions of immunoglobulin light chains. 6, 12 The purpose of this study was to determine whether thioflavine T could be a useful histochemical marker for the diagnosis of canine EMP and, secondly, to confirm, using immunohistochemistry, whether these tumors predominantly express immunoglobulin λ light chains.
Materials and methods
The EMPs studied were obtained from cases submitted to the pathology reference service at the University of Miami in 1989 and 1990. Clinical findings and follow-up information were obtained by personal communication with the referring veterinarians and owners of the dogs. Excisional biopsy was performed in all cases.
Biopsy specimens were fixed in 10% buffered formalin, routinely processed, embedded in paraffin, and sectioned at 6 µm. Sections were stained with hematoxylin and eosin, and thioflavine T. 26 In the thioflavine T staining method, paraffin tissue sections were dewaxed in xylene then hydrated through graded ethanols. Sections were then incubated in a 1% aqueous thioflavine T solution a for 3 min and a 1% acetic acid solution for 10 min. The slides were washed in distilled water and mounted in glycerin. Sections were examined using a microscope equipped with an incident-light fluorescence illuminator and filter block, giving visible fluorescence between 390 and 490 nm. b Paraffin sections of other round cell tumors (histiocytoma, mastocytoma, and lymphosarcoma) and sections of gingiva (plasmacytic gingivitis) and small intestine (plasmacytic/lymphocytic enteritis) were used as controls for thioflavine T staining.
Tumors were classified as EMP based on the histomorphologic findings by light microscopic examination as previously described. 1, 24 Morphologic criteria included cords and nests of tightly packed neoplastic cells separated by a fine reticular stromal network and cytologic features consistent with neoplastic plasma cells ( Fig. l) , which included round to oval cells with central to eccentric round nuclei, variable amounts of amphophilic cytoplasm, and low to moderate mitotic activity. Scattered binucleated and multinucleated cells were present in the majority of cases.
Additional 4-µm paraffin sections of each specimen were stained with a panel of immunohistochemical markers using standard avidin-biotin-peroxidase complex staining technique. 9 Primary antisera were directed against human kappa (K) light chains and human lambda (X) light chains. c Dilutions of primary antisera were 15,000 for K. light chains and 1:10,000 for λ light chains.
The avidin-biotin immunoperoxidase methods were as follows. Tissue sections were heated to melt the paraffin, dewaxed in xylene, and hydrated through graded ethanol to distilled water. Endogenous peroxidase activity was blocked by treating the sections with hydrogen peroxide in methanol for 20 min. The slides were rinsed with tap water and phosphate-buffered saline then treated with normal horse serum for 20 min to reduce nonspecific background staining. After rinsing, the sections were incubated for 30 min with primary antisera dilutions. The slides were incubated in biotinylated secondary antibody and avidin-biotin complex for 30 min each at room temperature. Slides were counterstained with Harris hematoxylin, dehydrated, and coverslipped. Substitution of normal rabbit serum for the primary antisera served as a negative control. Paraffin sections from lymph node, plasmacytic gingivitis, and plasmacytic/lymphocytic enteritis were used for positive controls. Immunohistochemical reactivity and thioflavine T fluorescence were graded on a scale of 0-3. Zero (0) was assigned to specimens with no positively stained neoplastic cells. One (+ 1) was assigned to specimens with distinct positive cytoplasmic staining in 10-25% of the neoplastic cells. Two (+ 2) was assigned to specimens with 25-75% of neoplastic cells with positive cytoplasmic staining. Three (+ 3) was assigned to specimens with >75% positive cytoplasmic staining of neoplastic cells.
Statistical analysis was performed using a chi-square test (x 2 ) for the observed versus calculated frequency of EMP in Cocker Spaniels in the study population. Statistical significance ( P value) was determined using standard calculated P values from published tables according to the number of degrees of freedom. Correlation analysis was performed using Pearson correlation coefficient (r) to determine whether there was any association between thioflavine T and immunohis-tochemical staining of the EMP. Tumors were assigned the numerical values based on the graded staining characteristics as described above. The level of significance was set at P ≤ 0.05.
Results
The site at which the EMP occurred and the age and sex of the dogs were similar to those in previous reports (Table l) . 1, 24 The mean age at time of surgical excision was 9.0 years (range, 3-14 years). Sixteen dogs were male and 13 were female. There were 7 Cocker Spaniels, 1 cocker mix, 4 Doberman Pinschers, 3 mixed breeds, and 1 each of a variety of breeds. Cocker Spaniels represented 24% (7/29) of the dogs with EMP. At the University of Miami during the period of study, Cocker Spaniels represented only 4% (210/4,725) of the surgical pathology submissions in which the breed of dog was known. This demonstrates that the Cocker Spaniel is significantly over-represented (x 2 = 31.0, P < 0.01) in the population of dogs with EMP.
EMP occurred predominantly in the skin and mucocutaneous junction (24/29). The plasmacytomas occurred at solitary sites in the skin in 23 of the 29 dogs, and 1 dog presented with 2 separate skin tumors on the head. The most common site was the skin of the digit (7/29), followed by the chin (4/29), lip (3/29), and ear pinna (3/29). The remaining cutaneous tumors occurred in a variety of other sites, predominantly on the extremities.
The 5 remaining EMPs occurred in other locations besides the skin. Four of the plasmacytomas developed in the oral cavity (tongue, gingiva [2] , and soft palate), and 1 tumor was located in the greater curvature of the stomach near the antrum. In the dog with the gastric EMP, metastasis to local lymph nodes was present at the time of surgical excision.
After surgical excision, 27 of the 29 dogs remained tumor-free (93%; x follow-up = 8 months). All of the dogs with cutaneous plasmacytomas remain tumorfree. Two of the tumors in the oral cavity (soft palate and gingiva) were locally invasive at the time of surgical excision and could not be resected completely. One dog (case #29) was euthanized because the tumor was an impediment to normal mastication and swallowing. Distant metastasis was not seen at the time of euthanasia. A second dog (case #27) was euthanized because of the development of multiple myeloma confirmed at necropsy. The dog with the gastric tumor (case # 13) is clinically free of disease 18 months after a partial gastrectomy and chemotherapy, even though distant metastasis was seen at the time of diagnosis.
Immunoreactivity was limited to either λ or K light chains in all EMPs ( Table 2 ). None of the tumors were positive for both K and λ light chains. The majority (20/29) of tumors had various degrees (+ 1, +2, +3) of positive staining for λ light chains (Fig. 2) . Fourteen tumors had either moderate or marked immunoreactivity, and only 6 specimens were slightly positive. Positive staining for K light chains was limited to 7/29 of the specimens; in all cases, the staining was less intense than that seen with the λ light chains. Two of the plasmacytomas were negative for both K and λ light chains but were considered EMP because of their histologic characteristics and thioflavine T fluorescence. Most tumors had nonneoplastic plasma cells in the surrounding parenchyma that served as built-in controls and had mixed positive staining for K and λ light chains.
Positive cytoplasmic fluorescence with thioflavine T was seen in 18 of 29 plasmacytomas. Binucleated and multinucleated cells also had positive fluorescence (Fig.  3) . Nuclei did not fluoresce. Fluorescence was moderate (8/29) to marked (5/29) in almost half the tumors (Fig. 4) . Several tumors had minimal fluorescence (6/ 29) and some were negative (7/29). Extracellular amyloid was not identified in any of the EMPs with thioflavine T. There was no statistical correlation between positive thioflavine T fluorescence and positive light chain immunoreactivity (r = -0.103, P = 0.29).
Thioflavine T staining was specific for plasma cells, but not EMP. In control specimens (Fig. 5 ), plasma cells in both plasmacytic/lymphocytic enteritis and plasmacytic gingivitis had positive cytoplasmic fluorescence. Other round cell neoplasms (histiocytoma, lymphosarcoma, amelanotic melanoma, transmissible venereal tumor, and mastocytoma) that would be included in the differential diagnosis of EMP were negative with thioflavine T staining.
Discussion
This study confirms by monotypic staining for either λ or K light chains, as suggested in previous reports, 13, 24 that canine EMP represent a monoclonal proliferation of neoplastic plasma cells. In a reactive lesion (autoimmune or inflammatory), in which there would be a polyclonal plasma cell population, positive staining for both light chains would be present. But, monotypic staining does not help to distinguish between B-cell cutaneous lymphosarcoma and EMP. Canine B-cell lymphosarcomas also have monotypic staining for either λ (predominantly) or K light chains. 25 However, cutaneous lymphosarcoma and EMP can be distinguished by histomorphologic appearance and clinical course. Dogs with cutaneous lymphosarcoma usually die within 3-6 months after presentation. 3 In humans, reactive lymphoid hyperplasia with monoclonal surface immunoglobulins has been reported, 15,23 but sim- Immunoglobulin light chains are composed of two parts, a common region and a variable region. The common region has a high degree of homology between species. 4, 8, 11 For this reason, the antisera used in this and other studies 13, 25 that was raised against human immunoglogulin light chains does recognize canine light chains.
Canine plasma cell dyscrasias have a higher frequency of λ light chain production. 10, 13 In this study, the EMPs had a markedly higher incidence of positive λ light chain immunoreactivity compared with that of K light chains, which differs from the situation in human EMPs where there is equal expression of both light chains. 2, 18 In a previous immunohistochemical study, the increased incidence of λ versus K light chains was considered insignificant and a reflection of the small number of tumors studied. 13 Our study confirms that canine EMPs disproportionately express λ light chains. Canine lymphosarcomas also express λ light chains predominantly, 25 suggesting that all canine B-cell tumors share this characteristic. The reason for the increased λ light chain expression in the dog is unknown.
Two of the plasmacytomas did not express either light chain. The lack of staining may be due to a variety of causes, such as overfixation with formalin or because these tumors express only canine heavy chains, as has been reported previously. 7 Thioflavine T is superior to either Congo red or crystal violet for the demonstration of amyloid. 21, 22, 27 The mode of action for the affinity displayed by thioflavine T for amyloid is unknown, 26 but recent reports have confirmed the specificity of thioflavine T for amyloid fibrils. 21, 22 In primary amyloidosis, amyloid is composed of glycoproteins derived from immunoglobulin light chains, 6 suggesting that the positive fluorescence of EMP with thioflavine T is due to presence of immunoglobulin light chain proteins within the neoplastic cells.
The thioflavine T staining method was less sensitive than immunohistochemistry for identification of canine EMP but can be used with other criteria to help distinguish EMP from other round cell tumors. The variability in staining may be due either to the amount or type of light chain protein produced by the tumor cells or to variable formalin fixation and denaturing of the proteins.
There was no correlation seen between positive staining with thioflavine T and immunoglobulin light chains. Immunohistochemistry is not a quantitative method that can identify the amount of antigen present and can also be affected greatly by fixation. Fixation may have played a key role in identification of EMPs by either of the 2 methods used in this study and may explain the lack of correlation between the 2 methods.
Extracellular amyloid was not identified within any of the canine EMPs in this study as is reported occa-sionally by other investigators. 1, 5, 16, 17, 24 In one report, the amyloid was identified by immunohistochemistry to originate from λ light chains. 5 This study demonstrated that Cocker Spaniels have a higher incidence of EMP than do other canine breeds. In previous reports, the Cocker Spaniel also had a higher incidence (16%, 11%) of EMP, but statistical analyses were not performed to determine whether the Cocker Spaniel was more susceptible than other dog breeds. 1, 24 In humans, a familial predisposition and increased incidence in blacks strongly suggest that genetic factors play a role in determining susceptibility to plasmacytomas; 2 this may be true for the dog as well. It is not known whether any of the Cocker Spaniels in this report were genetically related.
In summary, this study confirmed the previous observation that canine EMP represents monoclonal proliferations of neoplastic plasma cells that predominantly secrete λ light chains. 13 Thioflavine T staining is a specific, rapid histochemical method that can be used to identify plasma cells when immunohistochemical techniques are not available. This is the first report to confirm statistically the predisposition of the Cocker Spaniel to develop EMP as compared with other canine breeds.
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